To investigate the effect of dams' dietary fat type during pregnancy and lactation on fat choice of pups, three groups of dams were fed one of three diets: a low fat diet (LFD), a control diet (CTD) or a high fat diet (HFD). After weaning their pups were offered a self-selection regimen of both a fat protein diet (FPD) and a carbohydrate protein diet (CPD) for 3 wk. Although the ratio of FPD intake [FPD intake (g)/total intake (g)] by pups nursed by dams fed LFD during the self-selection period was higher than that by pups nursed by dams fed CTD and HFD, no significant difference in the ratio was observed between pups nursed by dams fed CTD and HFD. It was considered that pups nursed by dams fed CTD and HFD self-selected FPD and CPD in an adequate fat energy ratio (F ratio) compared to that of AIN-93G and AIN-93M. The ratio of FPD intake by pups of these three groups was 16-21% within the first week after weaning. Although pups nursed by dams fed CTD continued to consume the same ratio of FPD during the self-selection period, the ratio of pups nursed by dams fed LFD increased and that of pups nursed by dams fed HFD decreased. These findings indicate that: [1] pups nursed by dams fed CTD and HFD have the ability to consume FPD and CPD in an adequate F ratio, and [2] preferential fat intake of pups nursed by dams fed LFD is stronger than that of pups nursed by dams fed CTD and HFD. Key Words prenatal nutrition, dietary self-selection, fat preference, weaning pup Recently, young people in Japan prefer a Westernstyle diet, and now more than 25% of the energy consumed by young people is provided by fat ( 1 ). Specifically, animal products such as meat, fish, milk, milk products, and eggs contribute about half of the total fat in Japanese diets. Although the physiological factors contributing to fat diet selection are unknown, it is clear that greater consumption of fat is associated with higher caloric intake as well as increased body weight and adipose tissue depositions ( 2 ). The risk and incidence of obesity, type-2 diabetes, atherosclerotic vascular disease and coronary heart disease are increasing in rapid proportion to the increased intake of animal fat intake ( 3 ).
Recently, young people in Japan prefer a Westernstyle diet, and now more than 25% of the energy consumed by young people is provided by fat ( 1 ). Specifically, animal products such as meat, fish, milk, milk products, and eggs contribute about half of the total fat in Japanese diets. Although the physiological factors contributing to fat diet selection are unknown, it is clear that greater consumption of fat is associated with higher caloric intake as well as increased body weight and adipose tissue depositions ( 2 ) . The risk and incidence of obesity, type-2 diabetes, atherosclerotic vascular disease and coronary heart disease are increasing in rapid proportion to the increased intake of animal fat intake ( 3 ) .
Triacylglycerols are the principal lipid component of food and can enhance palatability by absorbing and retaining flavors and by influencing the texture of foods. Some empirical studies have shown that weaning pups are strongly influenced in their initial choice of diet by dietary preferences learned from adult rats. It appears that the odor or the flavor associated with a mother's diet is transmitted via her milk to nursing pups, and that these cues influence pups' initial choice of diet ( 4 -7 ) . The large variations that exist in food choice, especially for fat preference, can be linked to animal strain, age, environment, genetic background or prenatal nutrition, diet history, and modifications of energy expenditure such as exercise and food deprivation (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . Although determinations of food choice are still a matter of conjecture, it is likely that rats select macronutrients according to their need and in order to achieve optimal adaptation ( 9 ) . There have been many studies of macronutrient (carbohydrate, fat and protein) consumption by rats placed on a self-selection regimen from weaning to maturity and most studies indicate that rats selected balanced diets and thrived well when given separate macronutrient sources (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
We were particularly interested in examining whether a high consumption of fat by dams during pregnancy and lactation had any effect on the food choice of their pups after weaning. We reported previously that three groups of dams were fed one of three diets: a low fat diet (LFD), a control diet (CTD) and a high fat diet (HFD) during pregnancy and lactation, and when their pups were placed on a self-selection regimen of the LFD and the HFD after weaning, the ratio of HFD intake [HFD intake (g)/total intake (g)] for pups nursed by dams fed the LFD and the HFD was higher than that for pups nursed by dams fed the CTD (2 4 ). The plasma triacylglycerol concentration in dams fed the CTD was lower than that in the other two groups. In a prior paper, we reported that three groups of dams during pregnancy and lactation were fed one of three diets: the LFD, the HFD and a two-choice diet of the LFD and the HFD. When their pups were placed on a selfselection regimen of the LFD and the HFD after wean-E-mail: yokon@seitoku.ac.jp ing, the ratio of the HFD intake for pups nursed by dams fed the two-choice diet was lower than that for pups nursed by dams fed either the LFD or the HFD (2 4 ). The plasma triacylglycerol concentration in dams and weaning pups fed the two-choice diet was significantly lower than in the other two groups. Thus, if dams had diets with an adequate PFC ratio, their pups would eat adequately after weaning. However, both groups of pups nursed by dams fed the LFD or the HFD continued to eat large amounts of the HFD after weaning.
Another reason for this finding appeared to be that pups were nibbling their dam's diet before they were weaned. The pups nursed by dams fed the HFD consumed some of their dams' diet with their mother before weaning and continued to eat a high ratio of the HFD after weaning. The pups nursed by dams fed the twochoice diet ate both the LFD and the HFD before weaning and continued to eat both after weaning adequately. Thus, nibbling might have affected the pup's dietary preferences. However, although pups nursed by dams fed the LFD ate the diet before weaning, their preference of the HFD after weaning was strong.
In order to clarify these assumptions, in this study, we undertook to examine the preference for fat in pups nursed by dams fed the LHD, the CTD and the HFD using a carbohydrate-protein diet (CPD) and a fat-protein diet (FPD), which were not eaten by pups with their mothers during the suckling period (Table 1) . Body weight, fat tissue weight and serum lipid concentrations of dams and their pups were also examined and discussed in relation to their regimen and their observed dietary preferences.
METHODS AND MATERIALS
Diets. The composition of the diets is shown in Table  1 . The CTD was based on the AIN-93G diet ( 26 ) . Basically, the amount of soybean oil in the LFD was reduced to 1/2 that in the CTD, and lard (14%) was added to the HFD, substituting for cornstarch. The fat-energy ratios of the LFD, the CTD and the HFD were estimated to be 10.7 and 17.1 and 42.1%, respectively. The self-selecting pups were maintained on two separate diets: the CPD and the FPD. The protein energy ratio of both the CPD and the FPD was prepared to be the same as the CTD.
Casein, corn starch, lard, cellulose powder, AIN-93G mineral mixture and AIN-93 vitamin mixture was purchased from Oriental Yeast Co., Ltd. (Tokyo, Japan). LCystine, soybean oil, choline bitartrate and t -butylhydroquinone were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Animals. Sperm-positive pregnant rats of the Sprague-Dawley strain (10 wk old) were commercially obtained from CLEA Japan, Inc. (Tokyo, Japan) on day 5 of pregnancy. They were housed individually in plastic cages in a room kept at a constant temperature (23 Ϯ 1˚C) and illuminated with a 12-h light/12-h dark cycle. Rats had free access to food and distilled water. Dams and pups were weighed, and food intake was measured every day to determine daily intake during the experimental period.
Experimental design. Twelve pregnant rats were divided into three equal groups. Each group received the LFD, the HFD and the CTD during the experimental period (pregnancy and lactation) as shown in Table 1 . Within 24 h of birth, litters were culled to 10 pups each After weaning (at 20 d of age), the remaining pups were housed individually and provided both the CPD and the FPD, placed in separate cups. Dietary ingestion of both the CPD and the FPD and body weight were measured every day. On day 42 after weaning, the selfselecting pups were sacrificed. Dams were sacrificed the day after weaning their pups. They were anesthetized and killed by cardiac puncture. Blood was collected with a heparinized syringe. After centrifugation (3,000 rpm ϫ 15), plasma was removed. Perirenal fat tissue was removed from dams and pups and weighed. All procedures were in accord with the guidelines for Seitoku University.
Methods of analysis. Triacylglycerol and total cholesterol concentrations in plasma were measured using test kits (triacylglycerol: Triglyceride E-test Wako, total cholesterol: Cholesterol E-test Wako) (Wako Pure Chemical Industries, Ltd., Osaka, Japan). Stomach contents were homogenized with 30 fold of distilled water. Protein concentration was determined by the methods of Lowry et al. ( 27 ) . Carbohydrate concentration was determined by the anthrone-sulfuric acid method after deproteination using trichloroacetic acid ( 28 ) . Lipid content in stomach contents was extracted by the method of Folch et al. and the amounts of extracted lipids were measured gravimetrically ( 29 ) .
Statistical analysis. Values are presented as individual group means Ϯ SD. Repeated-measures analysis of variance (ANOVA) was used to evaluate the effects of preference group and time on food intakes. Differences in mean values between groups were tested by Scheffe's multiple-range test. Differences were considered significant at p Ͻ 0.05.
RESULTS

Food and energy intake, body and perirenal fat tissue weight and plasma lipid concentration in dams fed LFD, CTD and HFD and in their suckling pups
Food intake of dams fed the HFD during pregnancy and lactation was lower than that of dams fed the LFD and the CTD (Table 2 ) ( p Ͻ 0.05). However, although no significant difference in energy intake was observed among these three groups during pregnancy, energy intake of nursing dams fed the HFD was higher than that of nursing dams fed the LFD ( p Ͻ 0.05). No significant difference in body and perirenal fat tissue weight and plasma lipid concentration was observed among these three groups (Table 3) .
On day 8 and 20 after birth, the body weight of pups nursed by dams fed the LFD was lower than that of pups nursed by dams fed the CTD and the HFD (Table 4) ( p Ͻ 0.05). On day 20 after birth, the perirenal fat tissue weight of pups nursed by dams fed the LFD was significantly lower than that of pups nursed by dams fed the HFD ( p Ͻ 0.05). Although no significant difference in plasma triacylglycerol concentration was observed among these three groups on day 8 after birth, on day 20, the plasma triacylglycerol concentration of pups nursed by dams fed the HFD was higher than those of the other two groups ( p Ͻ 0.05). Although on day 8, the plasma total-cholesterol concentration of pups nursed by dams fed the LFD was lower than that of pups nursed by dams fed the HFD ( p Ͻ 0.05), on day 20, no signifi- Values represent means Ϯ SD, n ϭ 4. Within a column, values not sharing a common superscript letter are significantly different at p Ͻ 0.05. Pregnant period: from day 5 of pregnancy to delivery (on day 21 of pregnancy). Nursing period: from delivery to weaning (pups were weaned at day 20 of age). cant difference in plasma total-cholesterol concentration was observed among these three groups. Protein concentration in stomach content of pups nursed by dams fed the LFD was higher than that of pups nursed by dams fed the HFD (pϽ0.05). However, no significant difference in total fat and carbohydrate concentration or PFC ratio in stomach content was observed among these three groups.
Self-selection of CPD and FPD by weaning pups nursed by dams fed LFD, CTD and HFD
Immediately after weaning, all pups were placed on a two-choice diet program in which they self-selected from two food cups, each containing either the CPD or the FPD for 3 wk. In male and female pups, no significant difference in total energy intake was observed among these three groups of pups (Table 5 ). However, in these three groups, the total energy intake of male pups was higher than that of female pups. The ratio of FPD intake and the fat energy ratio (F ratio) of male and female pups nursed by dams fed the LFD during the selfselection period was higher than that of pups nursed by dams fed the CTD and the HFD (pϽ0.05).
The ratio of FPD intake during 3 wk after weaning is illustrated in Fig. 1 . In both the male and the female pups, no significant difference in the ratio was observed within the first week after weaning. In male pups, although no significant difference in the ratio of pups nursed by dams fed the CTD was observed during the self-selection period, that of pups nursed by dams fed the LFD increased and that of pups nursed by dams fed the HFD decreased in weeks two and three after weaning. In female pups, although no significant difference in the ratio of pups nursed by dams fed the CTD and the LFD was observed during the self-selection period, that of pups nursed by dams fed the HFD decreased in weeks two and three after weaning. Therefore, in week three after weaning, in both male and female pups, the ratio of FPD intake of pups nursed by dams fed the LFD was higher and that of pups nursed by dams fed the HFD was lower than that of pups nursed by dams fed the CTD (pϽ0.05).
Body and perirenal fat tissue weight and plasma lipid concentration of weaning pups nursed by dams fed LFD, CTD and HFD at the end of the self-selection period
No significant difference in body and perirenal fat tissue weight in either male or female weaning pups nursed by dams fed the LFD, the CTD and the HFD was observed at the end of the self-selection period. However, the body and perirenal fat tissue weight of male groups was higher than that of corresponding female groups. In both male and female pups, although no significant difference in the plasma triacylglycerol concentration was observed among these three groups, plasma total-cholesterol concentration of pups nursed by dams fed the LFD was higher than that of pups nursed by dams fed the HFD (pϽ0.05).
DISCUSSION
Although no significant difference in energy intake during pregnancy was observed among the three groups of dams fed the LFD, the CTD or the HFD during nursing, energy intake of dams fed the LFD was lower than that of dams fed the HFD (Table 2 ). It is likely that nursing dams fed the LFD containing low fat and low energy could not receive the necessary energy during the nursing period. However, no significant difference in body and perirenal fat tissue weight or plasma lipid concentration was observed in these three groups of dams at the end of lactation (Table 3) . Instead, the body and the perirenal fat tissue weights of pups nursed by dams fed the LFD were lower than those of the other two groups during the suckling period (Table 4) .
When pups were placed on a self-selection regimen of the CPD and the FPD after weaning, within the first week after weaning, in both male and female pups, no significant difference in the ratio of the FPD intake was observed among the three groups of pups nursed by dams fed the LFD, the CTD or the HFD (Fig. 1) . The ratio of these three groups was 16-21% and the F ratio calculated from the values was 19-24%. No significant difference in the ratio of FPD intake for pups nursed by dams fed the CTD was observed during the self-selection period. In week three after weaning, the F ratio for male and female pups nursed by dams fed the CTD was 18 and 16%, respectively. When we compared the F ratio for male and female pups with the F ratio of the CTD Fig. 1 . The ratio of the FPD intake to the total diet intake by weaning male and female pups nursed by dams fed the LFD, the CTD and the HFD when they were placed on a self-selection regimen from a twochoice program of the FPD and the CPD. Values are meanϮSD. Values not sharing a letter are significantly different (pϽ0.05).
(17.1%) shown in Table 1 , these values lead us to conclude that pups nursed by dams fed the CTD ate the CPD and the FPD in an adequate F ratio. Although the ratio of the FPD intake and the F ratio of male and female pups nursed by dams fed the LFD during the self-selection period was higher than for the other two groups, no significant difference was observed between the pups nursed by dams fed the CTD and the HFD (Table 5) . Within the first week after weaning, no significant difference in the ratio of FPD intake was observed between male and female pups of these three groups (Fig. 1) . However, the ratio of pups nursed by dams fed the LFD increased and that of pups nursed by dams fed the HFD decreased in weeks two and three after weaning. As the pups were nibbling their dam's diet during the suckling period, at the end of suckling period the plasma triacylglycerol concentration of pups nursed by dams fed the HFD was higher than in the other two groups (Table 4) . However, at the end of selfselection, no significant difference in the plasma triacylglycerol concentration was observed among these three groups. Therefore, it was supposed that pups of the three groups self-selected the FPD and the CPD to maintain the plasma triacylglycerol concentration adequately. However, 3 wk after weaning, the F ratio of male and female pups nursed by dams fed the LFD was calculated from the ratio of the FPD intake as 39.2 and 25.2%, respectively. It was supposed that as the F ratios of male and female pups nursed by dams fed the LFD were higher than the F ratio of pups nursed by dams fed the CTD, pups nursed by dams fed the LFD had a strong preference for fat after weaning. Therefore, the plasma total-cholesterol concentration in pups nursed by dams fed the LFD was higher than that in pups nursed by dams fed the HFD.
In a previous paper, we reported that when pups nursed by dams fed the LFD or the HFD during pregnancy and lactation were placed on a two-choice diet program of the LFD and the HFD, both groups of pups had a HFD preference and the F ratio for both groups was about 40%. The plasma triacylglycerol concentration of pups nursed by dams fed the LFD and the HFD was higher than that of pups nursed by dams fed the two-choice diet (24) . The assumed reason that pups nursed by dams fed the HFD had a strong preference for the HFD was that these pups were nibbling their mother's diet before they were weaned. After weaning, the pups nursed by dams fed the HFD continued to eat a large amount of the accustomed HFD. However, in this study, the pups nursed by dams fed the HFD self-selected the FPD and the CPD to maintain an adequate plasma triacylglycerol concentration. On week three after weaning, the F ratio of male and female pups nursed by dams fed the HFD was calculated to be 10.1 and 9.5%, respectively. When we compared the F ratio for male and female pups with the F ratio of AIN-93G and AIN-93M (9.3%), these values lead us to conclude that pups nursed by dams fed the HFD self-selected the FPD and the CPD in an adequate F ratio.
In this study, when three groups of pups nursed by dams fed the LFD, the CTD or the HFD were placed on a two-choice diet program of CPD and FPD, within the first week after weaning, the F ratio of pups self-selecting the CPD and the FPD was lower than that of pups self-selecting the LFD and the HFD as shown previously (24) . However, in pups self-selecting the CPF and the FPD, the F ratio of male and female pups nursed by dams fed the LFD increased from 21 to 39.2% and 20 to 25.2%, respectively, during the self-selection period of 3 wk. The increase of the F ratio of male pups was higher than that of female pups. One of the reasons for this finding might be that the energy intake and body weight gain of male pups was higher than that of female pups (Table 6) . From these results, it was considered that pups nursed by dams fed the LFD had a high fat preference that was not conditioned by forms of diet or by possible nibbling of the dams' diet during weaning. A range of epidemiological and experimental studies suggest that anatomy, physiology and metabolism may be programmed in part through exposure to an adverse nutritional environment in utero (6, 30, 31) . Bellinger et al. suggested that early prenatal undernutrition leads to a preference for fatty acids and maternal nutrition may promote changes in offsprings' consumption system that are involved in the control of appetite or the perception of palatability (32) . Krechowec et al. also suggested that prenatal nutrition could shape future susceptibility to obesity through alternation in leptin sensitivity and changes in energy metabolism during adult life (33) . Although the aim of this study was to investigate the effect of dams' dietary fat type on the fat preference of weaning pups, physiological factors possibly contributing to food choice still remain a matter of conjecture. Plasma triacylglycerol concentration of the three groups of suckling pups was higher than that of their dams and the high concentration of plasma triacylglycerol of 8-d-old suckling pups decreased rapidly after weaning (Tables 3, 4, 6). Keen et al. reported that the F ratio in rat milk was about 70% and no clear change was observed in this ratio during lactation (34) . Del Prado et al. observed that the F ratios of milk from rats fed a low fat diet (25 g/kg diet) and a high fat diet (200 g/kg diet) were about 74 and 76%, respectively (35) . As shown in Table 4 , the F ratio in the stomach content of the 8-d-old suckling pups was 74-76% and no clear difference was observed in the ratio among the groups of pups nursed by dams fed the LFD, the CTD or the HFD. It thus appeared that the high level in plasma lipid concentration was due to the feeding of high fatlow carbohydrate milk to suckling pups and that the high concentration of plasma triacylglycerol of the 8-dold suckling pups decreased rapidly during infancy (Tables 4, 6 ). Therefore, it is clear that the fat level of the diet which weaning pups self-selected is lower than that of their mothers' milk since the plasma lipid level is easily affected by dietary fat level.
Because the main aim of this study was to examine the dams' dietary fat type on the fat preference of weaning pups, it seemed important to describe the spontaneous food choices made by dams and pups. Therefore, as all of the tested rats had not fasted before blood samples were collected, we could not attenuate the effects of ingestion of food on the concentration of plasma lipids or stabilize the concentrations. However, the high concentration of plasma triacylglycerol of 8-d-old suckling pups decreased after weaning (Tables 4, 5 ). Although on day 20 after birth, the plasma triacylglycerol concentration of pups nursed by dams fed the HFD was higher than in the other two groups, it appeared that the high level in plasma lipid concentration of pups nursed by dams fed the HFD was due to the nibbling of their dams' diet. However, because the ratio of the FPD intake of pups nursed by dams fed the HFD decreased during self-selection, no significant difference in plasma triacylglycerol concentration of these three groups was observed after self-selection.
The important finding of this study was that when three groups of pups nursed by dams fed the LFD, the CTD and the HFD were placed on a two-choice diet program of CPD and FPD after weaning, the ratio of the FPD intake and the F ratio of pups nursed by dams fed the LFD was higher than that of pups nursed by dams fed the CTD and the HFD. The F ratio of pups nursed by dams fed the LFD was higher than that of AIN-93G. It was assumed that the fat preference of pups nursed by dams fed the LFD is strong and not conditioned by forms of diet or by possible nibbling of the dams' diet during weaning. Additional studies are required to validate these results and to describe the precise mechanism involved in the remarkable effects of exposing pups after birth to foods that then determine their subsequent liking or distaste for certain foods.
